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ABSTRACT 
The State of New Jersey completed the most recent 
dredging of Townsends Inlet, New Jersey in the summer of 
1987. The primary purposes of this dredging operation were 
to provide sand to nourish the critically eroded downdrift 
beaches of Avalon, to improve the overall navigability of 
the inlet, and to relocate the channel to a position which 
would enhance the inlet's natural bypassing system and 
limit deleterious effects on the adjacent shorelines. Based 
on historical information of the inlet, a ''recommended'' 
dredge channel was developed by a group of coastal 
specialists from various universities. 
The post-dredging monitoring program conducted in this 
investigation examined the inlet's response to the 1987 
dredging/beachfill project. The twenty-month long 
monitoring program consisted of: four hydrographic surveys 
of seven inlet cross-sections to determine channel shoaling 
and migration patterns; the collection of Littoral 
Environmental Observations data to determine longshore 
transport trends in the study area; and the analysis of 
aerial photography to observe-ebb tidal shoal formation. 
over the monitoring period, all of the channel 
cross-section profiles exhibited evidence of migration and 
infilling. Two of the profile lines nearer to the inlet 
,. 
throat showed evidence of a meander'to the northeast 
1 . 
. " 
d. 
occurring in the channel, while the channel along three of 
the more seaward lines was torcad to infill and migrate 
towards the south inlet shoreline. Most of the profiles 
showed significant changes over the second winter period. 
As evidenced by the LEO data, the second winter appeared to 
be less mild than the first winter of the monitoring 
program. 
Maintenance dredging to keep the channel in the 
recommended location will probably be required every 3-4 
years. Based on the results of the post-dredging 
hydrographic surveys, guidelines have been developed for 
future dredgings in Townsends Inlet. 
2 
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1.0 INTRODUCTION 
1.1 Background 
The number of investigations of the natural processes 
and effects of human intervention in tidal inlets has 
increased steadily over the past three decades. Most of 
this research has focussed on either the stability, 
morphology and processes at natural inlets (e.g., O'Brien 
and Dean, 1972; Dean and Walton, 1975; Jarrett, 1976; Bruun, 
1977; Sorensen, 1980; Kana and Mason, 1988); or the 
stabilization of inlets by jetties (e.g., Fitzgerald, Fico 
and Hayes, 1979; Weggel, 1983; Fields and Ashley, 1987). 
However, prior to the last few years, very little 
research has been performed on the impact of dredging on ebb 
delta and channel processes, especially with the aim of 
optimizing dredging patterns. The importance and need for 
these types of inlet studies are becoming increasingly 
apparent, and additional research is being conducted to 
address these issues (Dean, 1988; Badge, 1989). 
In New Jersey and along most of the Atlantic Coast, 
many unstabilized tidal inlets provide access to the ocean 
for commercial vessels and recreational craft. However, 
navigation through these inlets can often be dangerous since 
the location of the channel thalweg is not fixed, but 
migrates in response to dominant wave action and the influx 
of sediment from adjacent beaches {Sorensen and Wegge!, 
3 
.  
1986). For many of these inlets, channel stabilization by 
jetties is not economically justifiable; and they must 
therefore be maintained by periodic dredgings to keep the 
channel navigable. 
Knowledge of hydraulic and sedimentary processes at 
unstabilized inlets, especially the patterns of channel 
infilling and migration following dredging, is important in 
developing guidelines for future dredgings of these inlets. 
In addition to optimizing channel conditions for navigation, 
dredging patterns should minimize negative impacts on 
adjacent shorelines. The use of the dredged material for 
beach nourishment purposes should also be an important 
consideration when developing a dredge management scheme for 
' 
an inlet. 
Unfortunately, past inlet dredging practices have not 
adequately considered all of these factors. Channels are 
often dredged for navigation purposes without regard for the 
consequent effects on the inlet's natural processes (such as 
modified inlet flow and wave sediment transport patterns), 
or subsequent potential harm to the adjacent beaches. Many 
times, sand is dredged from an inlet and either side-casted 
or disposed at sea, rather than placing it on the downdrift 
beaches (which essentially acts as and enhances the inlet's 
own natural sediment bypassing system) • 
• 
4 
. . 
Significant economic savings and overall project 
efficiency can be realized if more effort is given to 
developing guidelines which minimize the amount of dredging 
needed to maintain a safe channel; limit the deleterious 
effects of dredging on adjacent shorelines; and utilize, 
rather than dispose of, the dredge material as beach 
nourishment. The first two concerns are the focus of this 
investigation at Townsends Inlet. 
1.2 Project Overview 
Townsends Inlet serves as an important link between the 
Atlantic Ocean and the Intracoastal Waterway. Beginning in 
the early 1950's, annual dredging projects were completed by 
the U.S. Army Corps of Engineers (for the State of New 
Jersey) in order to maintain the navigability of the inlet. 
This periodic dredging program ceased in 1976. 
In 1978, the State of New Jersey conducted a dredging 
and beach nourishment program to improve the inlet's 
navigability and to provide sand for the updrift beaches in 
Sea Isle City. This dredging operation removed a 
substantial volume of material from the ebb tidal delta and 
created a new channel which significantly modified flow 
through the inlet. Within a year after the dredging 
., 
project, sand began depositing and forming a spit along the 
south inlet shoreline, while the downdrift ocean-facing I 
beaches of Avalon began to show increased erosion. Anothe·r 
\ 
5 
dredging/beach nourishment project waa completed in 1983-84 
in the .same location as the 1978 dredging. Between 1981 and 
1985, the erosion of the downdrift beaches became extremely 
critical. The Borough of Avalon appealed to the State of 
New Jersey, and by 1986-87 plans for a dredging/beachfill 
project, which included a comprehensive study of the 
relocation of the dredged channel, were underway. 
The State of New Jersey completed this most recent 
dredging of Townsends Inlet in the Summer of 1987. The 
primary purposes of the dredging project were to obtain sand 
of suitable size to nourish the critically eroded downdrift 
beaches of Avalon and to improve the overall navigability of 
the inlet. The operation removed approximately 1.35 million 
cubic yards of sand from the inlet and placed most of this 
on the downdrift beaches. 
J Recommendations for the size and orientation of the \ ·1 
dredged channel were made to the State of New Jersey's 
Bureau of Coastal Engineering by a group of coastal experts 
from various universities. The recommended channel was 
based on the analysis of historical data of Townsends Inlet 
and was designed to promote the operation of the inlet's 
natural processes and limit the negative effects from 
dredging efforts • 
. A 1,000 foot buffer zone separating the dredged channel 
and the south inlet shoreline was included to protect the· 
·t, 
inlet-facing beaches. Due to the allowance of this buffer 
6 
/ 
,, 
zone, the channel waa aradged north of the historical 
equilibrium position of the main ebb channel. It is 
expected that maintenance dredging may be required to keep 
the channel in this sam& location, since past trends have 
shown a natural migration of the channel to a position 
against the south inlet shoreline. Future maintenance 
dredgings would also provide a supply of material for 
additional beachfills. The cost of these periodic dredgings 
in the long run would be far more beneficial than the costs 
involved with the erosion of the downdrift shoreline 
(Ashley, 1987). 
1 
1.3 Study Objectives and Approach 
The objectives of this investigation are: 
1. To observe the inlet's response to dredging and 
to monitor the subsequent channel infilling and 
migration, in order to develop guidelines for 
the optimization of future maintenance dredging. 
2. To observe the impact of dredging on ebb delta 
processes and sediment transport trends in the 
vicinity of the inlet. 
3. To conduct a thorough investigation of a specific 
project in order to aid in the future research 
and development of generalized management guide-
lines for use at other unstabilized tidal inlets. 
Concurrent to this study, a monitoring program on the 
performance of the beachfill was conducted by Dr. Stewart 
Farrell at Stockton State College for the State of New 
Jersey. A unique opportunity therefore exists for further 
7 
,• 
• 
investigation to correlate the inlet and shoreline responses 
to the dredging/beachfill project. 
The twenty-month long post-dredging inlet monitoring 
program included: hydrographic surveys of inlet 
cross-sections to determine channel shoaling and migration 
patterns; collection of Littoral Environmental Observations 
(Schneider, 1981) data, both near the inlet and away from 
its effects, to dete1mine sediment transport trends in the 
study area; and the analysis of aerial photography to 
observe ebb tidal shoal formation. 
' 
• 
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2.0 INLET MORPHODYNAMICS AND HYDRODYNAMICS 
Tidal inlets are complex, dynamic environments; 
continually changing under the influence of sedimentary 
processes which tend to close the inlet and cause the 
channel to migrate, and hydraulic processes which tend to 
keep the inlet open. Flood and ebb tidal flow, wave action, 
littoral currents, sediment supply and impacts from human 
intervention are all important parameters which influence 
and affect the stability of these inlets. In the past few 
decades, extensive research has been conducted on the tidal 
hydraulics and dynamic equilibrium and stability of inlets 
(Keulegan, 1967; O'Brien and Dean, 1972; King, 1974; 
Jarrett, 1976; Bruun, 1977; Escoffier, 1977; Sorensen, 1977; 
Mehta and Joshi, 1988). Increased human activity in the 
vicinity of inlets has also led to other areas of research 
including the effects of inlets on adjacent shorelines and 
natural sediment bypassing systems at inlets (Dean and 
Walton, 1975; Walton and Adams, 1976; Bruun, et al., 1978; 
Marino and Mehta, 1987; Fitzgerald, 1988). 
A key element in developing guidelines for dredging 
projects in an inlet is an understanding of the hydro-
dynamics and sediment dynamics in the study area over time. 
An investigation, includi~g a historical study and field 
monitoring, of the natural processes acting at the inlet and 
the adiacent shorelines is essential to aid in determining 
the impact of dredging on the coastal environment. 
9 
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2.1 Basic Morphology of Ebb Tidal Deltas 
Hayes (1980) presents a model of the basic morphology 
of a tidal inlet. The major components of this model 
include a main flow channel and two large sedimentary 
complexes located on the landward and seaward ends of the 
inlet channel. These sediment complexes are known as the 
flood tidal delta (inner shoal) and the ebb tidal delta 
(outer shoal). The ebb tidal delta can play an important 
role in an inlet's natural bypassing system. Changes to the 
morphology of the ebb tidal delta can significantly 
' 
influence the inlets natural processes and the stability of 
the downdrift shoreline (Fitzgerald, 1988; Mehta, 1989). 
Tidal flow towards the ocean forms an ebb tidal jet 
similar to a turbulent jet of water issuing from a nozzle 
(see Mehta and Joshi, 1988). The high velocities in the 
central core of the ebb tidal jet can carry sediment a 
\ 
significant distance seaward until it deposits (Dean and 
Walton, 1975). This, together with wave-induced landward 
sediment transport, forms the ebb tidal delta. The seaward 
directed ebb jet and the opposing landward directed ocean 
waves act on the ebb tidal delta; thus, the delta is 
~ 
continually in a state of dynamic equilibrium. The 
morphology of the ebb delta is dependent on the relative 
strengths of these opposing tidal and wave actions. 
General morphological components of the ebb tidal delta 
include a main ebb channel, marginal flood channels-, channel 
10 
• 
• 
margin linear bars, swash bars and a te1minal sand lobe 
(Figure 1). The terminal lobe develops when the ebb jet 
expands as it enter the ocean, slows down and deposits its 
load of sediment. The terminal lobe is then shaped by wave 
activity into swash bars which eventually migrate onshore 
(Hayes, 1980). Microtidal areas (tidal range 0-2 m) tend to 
have smaller ebb tidal deltas as compared to mesotidal areas 
(2-4 m) which tend to have larger ones. 
2.2 General Circulation Patterns at Tidal Inlets 
Oertel (1988) presents a model of the free ebb tidal 
jet and flow field at an idealized tidal inlet (Figure 2a). 
Flood flow into an unstabilized inlet is not simply the 
reverse of the ebb tidal flow, but converges towards the 
inlet throat in a uniformly distributed converging flow 
pattern (Figure 2b). Summing the ebb and flood velocity 
vectors for an idealized inlet, a composite ebb/flood flow 
field showing areas of ebb and flood dominance (Figure 2c) 
is suggested. The resulting ebb and flood currents 
distribute sediment in different manners in the vicinity of 
the inlet. 
~ 
However, the ebb tidal shoal and wave climate in the 
vicinity of the inlet have a significant effect on this 
idealized flow -model. Even during ebb flow, wave driven 
littoral currents along the shoreline (in the flood 
channels) flow towards the inlet (U.S. Department of the 
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Army, 1984). This effect is due to wave refraction around 
the ebb tidal shoal caused by the approach of wave crests 
obliquely to the coastline. The refracted waves create a 
nodal zone of longshore currents (Figure 3) and a localized 
reversal of the dominant longshore current direction 
downdrift of the inlet (Hayes et al., 1970; Dean and Walton, 
1975; Fitzgerald et. al, 1979; U.S. Department of the Army, 
1984). This nodal zone is a segment of the beach where the 
dominant longshore direction is neither to the north nor to 
the south. A divergent nodal zone exists when waves move 
sand away from the point in opposite directions; thus, 
sediment being transported downdrift of the inlet can be 
caught by the reversal of currents and be carried back 
toward the inlet (Farrell and Sinton, 1983). The nodal zone 
has been observed to be an area of beach erosion (Ashley, 
1987; Farrell and Sinton, 1983). Changes in the wave 
climate and ebb tidal delta tend to shift the nodal zone 
(and areas of increased erosion) along the coast. 
2.3 Inlet Planform Classifications 
Based on the planform of the adjacent barrier island 
\ 
shorelines, inlets along the Atlantic and gulf coasts can be 
classified into four catagories according to their offset 
(Galvin, 1971; U. s. Department of the Army, 1984). The 
four. types of barrier island offsets (Figure 4) are: over-
lapping offset which occurs where an adequate supply of· 
14 
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littoral drift occurs and waves dominate the updrift side: 
updrift offset where an adequate updrift supply of sediment 
is available and waves from the updrift side are less 
dominant; downdrift offset where an inadequate updrift 
supply exists and wave approach is from both sides, although 
dominant in one direction; and the negligible offset where 
waves approach equally from both sides and the offset is 
minimal. 
The downdrift offset is most common in inlets along the 
southern New Jersey coast. This offset results from a 
limited source of littoral drift (other than from the 
beaches), and from refraction of waves around the ebb tidal 
shoal which causes longshore transport toward the inlet from 
both sides (Galvin, 1971; Hayes et al., 1970). The ebb 
. 
tidal shoal also provides shelter from wave attack for the 
beach immediately down coast of the inlet entrance. Due to 
an inadequate sediment source combined with a protected 
-downdrift shoulder, the updrift side of the inlet becomes 
the source for most of the drift in transport and erodes 
faster than the downdrift shoreline, producing the offset 
(Galvin, 1971). 
2.4 Sediment Bypassing at Unstabilized Tidal Inlets 
2.4.1 Natural Bypassing Processes 
An inlet represents a discontinuity in the normal 
littoral transport system along a coastline. The 
,·17 
r , 
interactive processes between the inlet and the littoral 
system are complex and not fully understood; however the 
gross effects of the interaction appear to be the net 
accumulation of sand in the ebb and flood shoals, and a 
significant exchange between the inlet channel and the shoal 
complexes (Mehta, 1989; Dean and Walton, 1975). 
Sediment bypassing is the transport of sand from the 
updrift side of the inlet to the downdrift shoreline. Bruun 
and Gerritsen (1959) ·suggest two essential ways by which 
sediment is naturally bypassed around an inlet. These two 
mechanisms (Figure 5) are referred to as bar bypassing and 
tidal flow bypassing. An inlet may have a dominant tendency 
towards one of these mechanisms or may be intermediate 
between them. 
Bar bypassing occurs when sand is carried in the 
direction of longshore transport around the inlet to the 
downdrift shoreline via the ebb tidal shoal. The shoal 
essentially acts as a sand bridge; sediment drifts towards 
the inlet and is transported across the entrance along the 
shoal by wave action. This system adjusts to equilib.Eium 
over a reasonable period of time; therefore alterations in 
the shoal complex (such as dredging and shoal mining for 
beach nourishment purposes), can tend to drastically 
disrupt the continuity of the system. If a significant 
quantity of the shoal is removed, sediment will not bypass 
the inlet via the shbal, but will deposit and attempt to 
rebuild the natural system. 
18 
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In tidal flow bypassing, sediment moving in the 
littoral drift system enters the mouth of the inlet channel, 
and under the influences of tidal currents and cross-flow, 
is eventually transported downdrift (Mehta, 1989). During 
flood flow, a portion of the material entering the inlet 
will be carried through the inlet (in suspended and bed 
loads) to the back bay region and the flood tidal shoals. 
During ebb flow, some of this material will be transported 
back through the inlet to the ebb tidal delta, or seaward of 
the delta depending on the strength of the ebb tidal jet. 
For inlets with relatively small ebb flows and strong wave 
action near the entrance, some of the littoral drift 
material may be bypassed downdrift of the inlet and not pass 
through the main channel at all. 
2.4.2 Relation to Channel and Ebb Delta Migration 
Sediment bypassing processes at tidal inlets are 
significantly interrelated with channel and ebb delta 
migration. Fitzgerald et al. (1978) proposed three models 
of mechanisms which affect the inlet channel, delta and 
adjacent shorelin~s along mixed energy coastlines: inlet 
migration, ebb-tidal delta breaching and stable inlet 
processes (Figure 6). The latter two mechanisms, stabl\ 
inlet processes and ebb-tidal breaching, are believed to~be 
active at southern New Jersey inlets; ·however, the latter is 
more common and is encountered at the inlet under investiga-
tion in this study (Sorensen and Wegge!., 1986) .• 
20 
, .. I 
TIME J 
MODEL 1 
INLET MIGRATION ANO SPIT BREACHING II* 
Flo<# 
MODEL 2 
STABLE INLET PROCESSES 
MODEL 3 
EBB- TIDAL DEL TA BREACHING 
L tL _____ _ ~ 00ffleftent 
Loneetw>r• 
Trenepot"I 
>'_ ~- ~ ....._ 
,, ,II · ~- Oomtnent 
,, / lon91hcHe 
/ " Sp.1 Ace,...... 
,", 
I 
~ EM> T~•• o.tte 
....... tOft 
\ 
. :·· · ::~ / ',1'C::·:~:: 
~ I I 
I 
Sp,1 Accret,on 
I 
I , ,' 
, 
I 
Figure 6. Models 
energy 
~~--......._J. t l, . 1 <,-· -. .J •••• • ' _....._' t I . 1 1 D ( ct I _ _ , ..........--
' I~ ~; :'.~, .. _. .... 
__ __.__, J .. f.f'= ~ 
J, ,gt I ·---~ 
t -· ·,,: : f .· Growth of Bar ComP'e•n ,,,:"' J 
Sweah Ber Formation f : 
end l endwerd Mtgr ehon · · 
l arrdward la, 
M1g,11,on1 
Ber Welding 
I ventually welding 
10 the leech 
I 
I 
I I 
I I 
: t I 
I \ 
. , I , . 
Sp.t A11echmen1 
_.s-'-- Chennel Merg1n 
l1neer Bar Fo,me11on 
of inlet sediment bypassing for 
1988) . coasts {from Fitzgerald, 
mixed 
, , ). '· . , of Sp.II ove, 
· .' ·. Chennel 
' 
rt 
The stable inlet mechanism involves an inlet with a 
stable throat position and a main ebb channel that does not 
migrate across the ebb tidal delta. Sediment is transported 
seaward by tidal flow through the main ebb channel and 
landward across the swash channels by waves. Sediment 
bypassing occurs through the formation, landward migration 
and welding of swash bar complexes to the downdrift 
shoreline (Fitzgerald, 1988). Onshore migration of swash 
bars occurs due to the dominance of landward flow across the 
swash platform, and a net landward transport of sand occurs 
on both sides of the main ebb channel. \ __ .., 
Ebb-tidal breaching is the more common mechanism found 
on southern New Jersey inlets due to the wave climate and 
net longshore transport to the south in the area. In this 
mechanism (Figure 7), the position of the inlet throat is 
stable, but accumulation of sand on the updrift portion of 
the ebb tidal delta and wave-generated currents tend to 
deflect the ebb flow and outer portion of the ebb tidal 
channel in the downdrift direction. The channel continues 
to migrate in a downdrift direction, sometimes bending 
around the tip of the the downdrift shoreline, until it 
becomes hydraulically inefficient to carry the tidal flow. 
A breach occurs as the ebb jet breaks through the ebb tidal 
delta abandoning the lengthened channel and creating a more 
direct flow route to the ocean. The abandoned ebb channel 
is sub:sequently infilled with sediment due to sand 
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". 
deposition by tidal currents, wave-induced sediment 
transport on the swash platform, and ultimately by onshore 
migration of swash bars. These swash bars eventually weld to 
the downdrift shoreline and constitute a large part of the 
inlet's sediment bypassing system. 
These models have all been described on the basis of 
. inlet channel migration characteristics; however, Fitzgerald 
(1988) emphasizes that during the history of an inlet, all 
three bypassing mechanisms may dominate at one time or 
another. Long term historical trends at a particular inlet, 
may be interrupted by the occurrence of short tetm bypassing 
processes that do not normally operate in the inlet . 
.. 
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3.0 DESCRIPTION OF STUDY AREA 
3.1 The Atlantic Coast of New Jersey 
The Atlantic Coast of New Jersey is meso-tidal with 
semi-diurnal tides having a mean tide range of 1.25 m and a 
spring tide range of 1.52 m (U.S. Department of the Army, 
1966). Prevailing winds are from the south in the summer 
and the west-northwest in the winter with velocities of 8 to 
12 mph. Dominant winds are from the northeast and occur 
most frequently in September and January (Vassallo, 1988). 
Average wave heights are 0.82 m, with an average wave period 
of 8.3 seconds (Thompson, 1977). 
New Jersey beach sediments are primarily fine quartz 
sand. A detailed description of the regional geology can be 
found in Vassallo (1988) and Nordstrom et al. (1977). 
3.2 Townsends Inlet Study Area 
3.2.1 General Description 
New Jersey has a total of twelve tidal inlets located 
along its Atlantic coast. Townsends Inlet lies in Cape May 
County, located in the southern barrier island complex of 
New Jersey, and separates the barrier islands of Ludlam 
Island to the north and Seven Mile Beach to the south 
(~igure 8). It is an unjettied inlet, but is bounded .bY the 
significantly developed shorelines of Sea Isle City on 
Ludlam Island and Avalon on Seven Mile Beach. Shore 
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protection structures, including a large ''dog-leg'' groin 
extending seaward from the northeastern tip of Avalon, are 
located on the inlet-facing shores of Avalon (Figure 9). A 
historical summary of the structures in the vicinity of 
Townsends Inlet is presented in Table 1. 
Townsends Inlet is and has historically been a classic 
example of a downdrift offset inlet as described by Hayes 
( 1970, 1973) . Seven Mile Beach has assumed the ''drum stick" 
shape extending further seaward than Ludlam Island. The 
angle of wave approach, littoral drift, wave refraction 
around the ebb shoals, and the mesa-tidal range are all 
important factors associated with the formation of the 
offset. Another theory of the formation of the downdrift 
offset configuration is described in Galvin (1971). 
Great Sound is the back bay area located behind Seven. 
Mile Beach (Figure 8). The sound is connected to the 
Atlantic Ocean by Ingram Thorofare and Great Channel which 
receive waters from Townsends Inlet and Hereford Inlet, 
respectively (Schuepfer, et al., 1985). On flood tide, water 
Q passing through Townsends Inlet to the back bay area is 
diverted to the south via Ingram Thorofare and to the north 
via another large flood channel, Townsend Channel. The 
channels in this system are part of the New Jersey 
Intracoastal Waterway . 
... " 
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YEAR 
1905 
1929 
1939 
1939 
1962 
1963 
1967 
STRQC'rYBB 
timber 
boardwalk 
groin 
bridge 
groins 
groin 
bulkhead 
• groins 
1969 bulkhead 
extension 
1980 bulkhead 
extension 
1983 bulkhead 
extension 
1985 bulkhead 
extension 
1986 • groin 
extension 
HISTORY OF STRUCTURES: AVALON (modified from Vassallo, 1988) 
LOCATION 
Ocean frontage: 
8th to 32nd Streets 
Extended directly 
seaward from 8th St. 
Across inlet throat ( 420m) 
Four locations along 
inlet frontage. 
Ocean frontage at 
13th Street. 
Extended from 3rd 
Ave. (inlet frontage) 
to 12th st. (ocean 
frontage) (1220m) 
"Dog leg" stone groin 
at 8th St. 
Three stone groins at 
1st, 2nd and 3rd Aves. 
Towards inlet bridge 
and South to 13th st. 
Completed to bridge (365m) 
Continued South to 
15th St. 
Continued South to 
17th St. 
"Dog leg" groin 
extended (60m) 
29 
COMMENT 
Destroyed in 1962 
storm. 
Covered by 1954, 
uncovered and 
destroyed in 1962. 
Movable span with 
girder and beam 
approach spans. 
Reconstructed: 1962. 
Disappeared by 1962. 
Disappeared by 1965. 
3.7m above MLW 
Extends 110m NE and 
bends E for 90m. 
Each groin approx. 
60m in length. 
Groin was also 
raised 1. 2m. 
3.2.2 Hydraulic Characteristics 
Townsends Inlet is located in a meso-tidal environment; 
influenced rather equally by tides (3.8 to 4.6 ft. tidal 
range) and waves (2.5 feet mean height). Dominant waves 
typically approach the inlet from the north and northeast 
during the fall, winter and spring; and from the south in 
the summer (Ashley, 1987). 
Tables 2 and 3 provide inlet dimensions and tidal prism 
information for Townsends Inlet. Calculations by Vassallo 
using 1986 spring tidal data show increased tidal prisms 
over that calculated by Jarrett using 1937 spring tidal 
data. Ashley (i987) notes that the tidal prism has 
increased by perhaps as much as 20-25% in the last 50 years, 
possibly due to increased dredging in the inlet. 
As a result of tidal velocity studies, Vassallo (1988) 
shows the inlet as flood dominated. Peak flood current 
velocities were higher than corresponding peak ebb current 
velocities measured in the inlet throat. Also, the duration· 
of flood flow lasted an average of 24 minutes longer than 
the duration of ebb flow. Subsequently, the flood tidal 
prism was calculated to be 18% larger than the ebb tidal 
prism for the inlet. Vassallo notes, however, that the data 
was collected during a period of the tide with diurnal 
. .. 
inequalities in which the flood tidal range was greater than 
the ebb tidal range. A more accurate representation of the 
30 
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TABJ,I 2 
TOWNSENOS INLET DIMENSIONS 
(modified from Ashley, 19871 after Jarratt, 19761 Va•••llo, 1988) 
Year 
1937 
1957 
1978 
1986 
cross-
Sectio2a1 
Area m 
1322 
1814 
Width(m) 
240 
192 
180 
213 
Average 
Oepth(m) 
5.5 
6.5 
31 
Width/ 
hyd. 
radius 
(m) 
40 
33. 
Channel Tidal 3 Lgth.(m) Prism m 
2440 1s.1x106 
2200 6 19.SxlO 
YEAR 
1937 
SOURCE 
TOWNSENDS INLET TIDAL PRISMS 
(modified trom Ashley, 1987) 
TIDAL PRISM (m 3 ) 
Ebb Flood 
NOS (Jarrett, 1976) 
Average 
7 1.57xl0 
Flood & Ebb 
(Spring Tide) 
1985 Lehigh Computer Model 
Schuepfer et al., 1988 
For Ingram Channel only. 
1986 Vassallo (1988) 
August 20, 1986 
September 5, 1986 
7 l.23xl0 
7 l.65xlO 
l.95x107 
1.2Jx107 
(Spring Tide) 
2.01x107 
(Spring Tide, 
TR• 1.42 m) 
l.99x107 
(Spring Tide, 
TR=- 1.35m) 
NOTE: Mean Tidal Laval for Townsands Inlet• 2.1 feet 
32 
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tides and tidal prism would require monitoring over a longer 
period of time (at least two consecutive and complete 
diurnal tidal cycles), in order to correct for the 
substantial diurnal inequalities (Vassallo, 1988; Schuepfer, 
1985). 
3.2.3 Sediment Transport Trends and Sediment Dynamics 
Dominant waves approach the area from the northeast 
resulting in a predominant littoral drift to the south in 
the vicinity of Townsends Inlet. Transport rates for 
Townsends Inlet have been estimated by Everts (1975) to be 
357,000 cu. yd/yr to the north and 786,000 cu. yd/yr to the 
south with a net transport of 429,000 cu. yd/yr to the 
south. Caldwell estimated a net southerly transport of 
approximately 200,000 cu. yd/yr (Everts, 1975). 
Vassallo (1988) concludes a net movement of 
approximately 90,000 kg of material into Townsends Inlet 
during a flood dominated spring tidal cycle. Data collected 
by Ashley and Zeff (1988) during a low intensity storm in 
Ingram Thorofare also suggest a net influx of sediment 
through the inlet • 
. ··An analysis (Vassallo, 1988) of channel sediments in 
Townsends Inlet shows a medium, well sorted sand bottom 
(1.87 phi /0.27 mm mean grain size) which is armoured with 
t 
shell material. The mean grain sizes transported through· 
the inlet during peak ebb and flood flow are 1.83 phi (0.28 
33 
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mm) and 1.92 phi (0.27 mm) respectively. The Avalon 
foreshore (inlet frontage) had fine, very well sorted sand 
' 
with a mean grain size of 2.38 phi (0.19 mm). Characteristic 
of inlet processes, coarser materials were found in the 
inlet channel than on the foreshores. Because of the 
strength of tidal currents, finer materials passing through 
the inlet remain in suspension (coarser channel material 
moves as bedload) and can be transported to the back-bay 
area during flood tides or out into the littoral drift 
during ebb tides. 
Dredged material placed on Avalon's ocean beaches 
during the 1987 beachfill was medium and fine sand with an 
average mean grain size of 1.64 phi (0.33 mm). A sample of 
the fill material taken below the high tide line (after at 
least one tidal cycle of wave exposure) had a mean grain 
size of 1.83 phi (0.28 mm). 
' 
3.2.4 Tidal Deltas 
Tidal deltas are present at the landward end and 
seaward updrift portion of the main ebb channel of 
Townsends Inlet. They will be mentioned here and discussed 
in more detail in a later section. 
The flood tidal delta is poorly developed and consists 
of a sandy shoal welded to the margin of the salt marsh on 
the landward side of the inlet (Ashley, 1987). 
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The large, seaward-protruding ebb tidal delta is an 
inherent part of the inlet and the longshore sand transport 
systems. The ebb tidal delta is continually worked by waves 
and tidal flow and serves as an important mechanism for 
providing sand to the downdrift ocean-facing beaches. The 
ebb delta also provides shelter from wave attack on these 
beaches. 
.. 
4.0 HISTORICAL SUMMARY OF MORPHODYNAMICS AND HYDRODYNAMICS 
IN TOWNSENDS INLET 
• 
A brief summary of the morphodynamics and hydrodynamics 
of Townsends Inlet, relative to this investigation, is 
presented in this report. For a more detailed summary of 
the morphodynamics of Townsends Inlet, the reader is 
referred to Vassallo (1988). 
4.1 Townsends Inlet Under Natural Conditions 
4.1.1 Historical Inlet Stability Trends 
A compilation of 144 years of historical maps, 
bathymetric charts and aerial photography of Townsends Inlet 
showed that the inlet has been relatively stable with 
respect to its throat location, especially since the 
commencement of dredging programs. However, the adjacent 
shorelines, configuration of the ebb tidal delta and the 
location of the main ebb channel have all shown significant 
change throughout this observed time period (Vassallo, 1988; 
Ashley, 1987). 
The morphodynamics of Townsends Inlet under natural, 
unstabilized conditions have historically conformed to the 
Fitzgerald et al. (1978) model (Figure 7) of an ebb-tidal 
delta breaching inlet-shoreline (Vassallo, 1988). The main 
ebb channel equilibrium position has historically been 
~ ~ 
oriented NW-SE against the south inlet shore at Avalon 
(Figures 10-12). A significant portion of the large ebb 
36 
Figure 10. Aerial photo (early 1970's) showing historical 
equilibrium position of the main ebb channel in Townsends Inlet. 
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tidal delta ia located updrift of the main ebb channel and 
provides an important mechanism for protection from waves 
and sediment-bypassing to the downdrift beaches. 
4.1.2 Morphodynamics and Hydrodynamics Under Natural 
Conditions 
Historically, a natural cyclic pattern has been 
observed in Townsends Inlet as the seaward portion of the 
channel migrates to the south (inlet throat segment of 
channel remains relatively stable); ebb tidal breaching 
occurs; and a new, more hydraulically efficient channel is 
established across the ebb delta. 
Net southerly longshore transport and the transport of 
sand through the inlet by tidal flow adds sediment to the 
ebb tidal delta updrift of the main ebb channel. The ebb 
tidal delta is shaped by waves (dominant from the northeast 
in the vicinity of the inlet), and the main ebb channel is 
. ' 
caused to deflect downdrift and migrate to its equilibrium 
position against the south inlet shoreline. The channel 
eventually moves so far south around the northern tip of 
Avalon that it becomes a hydraulically inefficient route for 
the ebb tidal flow. Breaches across_ the ebb tidal delta 
occur when the channel reaches this orientation, and more 
' 
hydraulically efficient routes to the sea are established 
through the spillover channels created by the breach (Figure 
12). Subsequently, the spillover channel either becomes the 
40 
• 
.> 
new main ebb channel, or infills because the original main 
ebb channel continues to maintain most of the ebb flow 
(Vassallo, 1988). The southerly migration of the channel 
begins again, and the cycle of ebb-tidal delta breaching is 
repeated. 
Breaches of the Townsends Inlet ebb tidal delta near 
the seaward portion of the main ebb channel occur rather 
often, about twice in a seven-year period, and are infilled 
within about two to four years (Vassallo, 1988). However, 
ebb tidal breaching that occurs near the inlet throat is 
infrequent under natural conditions, and results in a 
long-term reorientation of the entire length of the main ebb 
channel from a southeastward to an eastward position. 
Vassallo describes a breach such as this which occurred due 
to storms in 1884, and it subsequently took 40 years for the 
main ebb channel to reorient itself to a southeastern 
position. This eastward (90 degree azimuth) position has 
been rare in the observed history of Townsends Inlet; 
however, when it has occurred, this orientation has led to 
significant interruptions in the normal sediment bypassing 
cycle of the inlet and deleterious effects on the downdrift 
beaches. 
4.1.3 Sediment Dynamics Under Natural Conditions 
Under natural conditions, the downdrift ocean-facing 
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beaches of Avalon are supplied with sediment from cyclic 
bypassing vi~,the ebb tidal shoal. Net southerly longshore 
transport moves sand past the inlet and the ebb shoal toward 
the downdrift beaches, where (depending on the position of 
the divergent nodal zone) the sediment either continues 
south or is caught by reversed currents (Figure 12) and 
moved north over the 8th Street groin and into the inlet 
(Farrell and Sinton, 1983). The sediment is jetted out of 
the inlet by ebb flow currents, which slow as they enter the 
ocean and deposit the sand on the ebb tidal delta. Waves 
then by-pass the sediment over the ebb tidal shoal south-
westward toward the downdrift Avalon beaches. Most of the 
sand moves onshore via migration of swash bars from the ebb 
tidal delta platform. The ocean beaches of Sea Isle City 
are also nourished by the onshore migration of swash bars. 
When the main ebb channel is oriented in its 
' 
equilibrium position, the inlet-facing beaches of Avalon are 
subject to erosion from storm waves and also from scour by 
tidal currents due to the proximity of the main ebb channel 
to the south inlet shoreline. When the channel is in a more 
uncommon, easterly position, tidal currents no longer scour 
these inlet beaches and sand spilling over the 8th Street 
groin is no longer jetted out to the ebb tidal delta. Sand 
is trapped in the inlet and begins to accumulate fozming a 
spit along the south inlet shoreline (Figure 13). Sediment 
. • I 
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is thus removed from the by-passing cycle, cutting off 
nourishment to the downdrift ocean beaches which eventually 
start to erode (Farrell and Sinton, 1983). The eastward 
position of the channel also reorients the ebb tidal shoal 
to a more northward position, which no longer provides 
protection to the downdrift beaches and exposes them to wave 
attack and further erosion. 
4.2 History of Dredging (1950-1987) and Related 
Morphodynamic Changes in Townsends Inlet 
4.2.1 Summary of Dredging Activities: 1950-1976 
Dredging activity in Townsends Inlet did not begin 
until 1950 with the commencement of an annual dredging 
program by the U.S. Army Corps of Engineers. A history of 
these dredgings is presented in Vassallo (1988) and is 
summarized in Table 4. 
In 1950, the State of New Jersey deemed Townsends Inlet 
unnavigable and formed an agreement with the Corps of 
Engineers to have it dredged. After an initial dredging in 
1950, annual side-cast dredgings of the inlet by the Corps 
of Engineers were started in 1955. The objective of the 
dredging program was to maintain a clear, direct route for 
navigation through the inlet to the ocean, which basically 
entailed deepening the existing channel by removing sediment 
from the oute~ bar. However, since the channel tended to 
~ 
re-orient itself to the south, it was often necessary to 
~·. ·.~-. 
44 
TABI,I 4 
HISTORY or MAINTENANCE DREDGING IN TOWNSINDS INLIT (from Vaaaallo, 1988) 
DATE 
1950 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
Jun• 1967 
July 1967 
June 1968 
May 1969 
June 1970 
April 1971 
July 1972 
June 1973 
June 1974 
July 1974 
July 1975 
July 1976 
1977 
June 1978 
1979 
1980 
1981 
1982 
1983 
March 1984 
July 1987 
METHOD YQUJMJS Cm3 ) 
Sida-caat NA Sida-caat NA 
Sida-cast NA 
Sida-cast NA 
Sida-ca at NA 
Sida-ca at NA 
Sida-caat NA Side-cast NA 
Beach nourishment:*692,000 
Ludlam, 7-Mi. Beach•• 
Hydraulic Pipalin• 
Side-cast 
Side-cast 
Side-ca at 
Side-cast 
Side-ca at 
Side-caat 
Side-cast 
Side-cast 
Side-ca at 
Side-cast 
Side-cast 
Side-caat 
Sida-caat 
Side-caat 
Sida-caat 
Side-caat 
Hone 
Beach nourishment: 
Ludlaa Beach 
Hydraulic Pipeline 
None 
None 
None 
Nona 
None 
Beach nourishment: 
Ludlam Beach 
Hydraulic Pipeline 
Beach nourishment: 
NA 
NA 
NA 
NA 
14,300 
19,600 
6,800 
9,900 
18,600 
7,600 
11,800 
*l,300 
*9,600 
*18,900 
10,700 
30,000 
483,200 
626,600 
Ludlam Beach • 115,000 
7-Mile Beach • 994,000 
Hydraulic Pipeline 
NA • 
. -
information not available 
rrom ~verts (1975) 
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IQCA,TION OP PBIPGIUG 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
Terminal lobe of ebb 
tidal dalta 
Terminal lobe of ebb 
tidal delta 
Main channel at 
bridge, terminal lobe 
NA 
NA 
NA 
ESB from 8th St. groin 
NA 
NA 
NA 
Eaat from 8th st.groin 
ESE from 8th st. groin 
East thru updrift bar 
complex at bar/Ludlam 
Ialand shore inter-
section. 
Eaat thru updrift bar 
complex at bar/Ludlam 
Island shore inter-
section. 
NW-SE parallel to 
Avalon's inlet 
facing shoreline 
./ 
... 
dredge material from the updrift bar complex in an effort to 
direct the flow to the east and improve the navigability of 
the inlet (Vassallo, 1988). Exact volumes and locations of 
dredging are not available since operation reports were not 
required at the time. 
From the info1mation that is available, it appears that 
these early dredgings had little effect on the natural 
migration and cyclic patterns of Townsends Inlet (Vassallo, 
1988). An important factor could have been that the 
material was side-cast downdrift of the inlet, thus keeping 
it within the sediment bypassing system. Also, dredging 
operations in the main ebb channel merely deepened the 
existing channel without reorienting its position. If 
material was removed from the updrift bar complex, the 
effect was a repositioning of the channel similar to a 
spillover channel that would have occurred under natural 
processes. 
Annual side-cast dredging in the inlet continued until 
the storm of March 1962. Severe damage to the coast 
required an emergency dredging of Townsends Inlet, in which 
approximately 692,000 cu. m of material was removed by a 
hydraulic pipeline dredge and used as beachfill for the 
critically eroded updrift and downdrift beaches • 
. The Corps of Engineers resumed their annual side-cast 
dredging program between 1963 and 1976. Volumes and 
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. ,. . 
locations (if docwnented) are shown in Table 6. One 
noticeable effect of dredging during this period occurred in 
1967, when the main ebb channel re-oriented itself to an 
eastward position following a dredging effort which removed 
approximately 34,000 cu. m of material from the terminal 
lobe of the inlet's ebb tidal delta. Side-cast dredging 
operations in 1968 also removed 5,000 cu. m of material from 
this channel near the terminal lobe in addition to 1,800 cu. 
m of material from the inlet throat near the bridge. Annual 
dredging by the Corps of Engineers ceased in 1976. 
4.2.2 Summary of Dredging Activities: 1976-1984 
In 1978, the State of New Jersey began an inlet 
dredging and beach nourishment program to improve the 
navigability of Townsends Inlet and to provide sand for the 
updrift and downdrift shorelines. During the summer of 
1978, a dredging operation removed approximately 483,000 cu. 
m of material from the inlet and pumped it to the updrift 
beaches of Sea Isle City. The location of the borrow area 
was eastward through the updrift swash bar complex, near its 
intersection with the shore of Ludlam Island (Figures 13 and 
14). The dredging created a new main ebb channel, oriented 
approximately midway between Avalon and Sea Isle City, that 
directed flow at an azimuth of 80 degrees (Vassallo, 1988). 
Removal of a significant quantity of sediment from the 
' bar complex ana consequent shifting of the ebb channel, 
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drastically affected the inlet's natural sediment bypassing 
system (see Figure 13). By 1980, sand began accumulating on 
the south inlet shoreline of Avalon and eventually grew into 
a spit attached to and burying the 8th Street groin (Farrell 
and Sinton, 1983). As this spit developed, an increase in 
erosion was observed between 12th and 28th Streets in Avalon 
(Farrell et. al, 1988). One cause of the increased erosion 
was increased exposure of the shoreline to wave attack due 
to removal of £he protection provided by the ebb tidal 
shoal. Also, the inlet was acting as a sediment sink (sand 
accumulation on the shoal attached to the south inlet 
shoreline), removing significant quantities of sand from the 
bypassing system and depleting the supply of material which 
had previously nourished the downdrift beaches. By 1983, 
the erosion of these downdrift beaches had become critical, 
revealing a once buried bulkhead and seawall (Table 1). 
The effects of this dredging activity probably resulted 
from a combination of processes occurring in the inlet. 
First, the severely depleted ebb shoal could no longer act 
as a ''sand bridge'' and the sediment moving near the mouth of 
the inlet could no longer bypass the eastward channel cut of 
the inlet. This sediment was probably either driven into 
the inlet by waves _or deposited in an attempt to rebuild the 
ebb tidal shoal. -second, the dominant ebb flow was 
redirected through the eastward channel and the defunct ebb 
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channel could no longer maintain the position of the 
remaining ebb shoal. The leftover shoal migrated shoreward 
and attached to the downdrift shoreline. This process 
initially nourished the beaches; however, the supply was 
consequently depleted by erosive waves and transport into 
the inlet by current reversals. Finally, sediment moving in 
the southerly longshore transport, as well as the material 
from onshore shoal migration, could be caught in the 
reversed currents downdrift of the inlet and swept over the 
8th Street groin into the inlet (Farrell and Sinton, 1983). 
Due to the eastward location of the channel, tidal currents 
no longer scoured the south inlet shoreline and sediment 
moving into the inlet was no longer jetted out to the ebb 
tidal delta. 
The inlet was dredged again by the State of New Jersey 
in late 1983 and early 1984 in order to supply dredge 
material for a beach nourishment project in Sea Isle City. 
The dredging operation occurred in the same location as the 
1978 dredging and removed even more sediment, 626,000 cu. m, 
• 
for the beachfill. 
By 1985, the deposit along the inlet shoreline was 
growing by lOO's of cubic yards per day (Farrell, et. al, 
1988). Between 1985 and the winter of 1987, erosion 
worsened along the ocean-facing beaches, cutting west of the 
seawall and end~ngering foundations due to undermining. 
50 
Emergency measures were taken by the State of New Jersey 
(including sand fill brought from the mainland and the 
placement of concrete filled bags on the beachface). Winter 
storms in 1986-1987 continued to erode what sediment 
remained and brought waves washing up against homes and 
street ends. Plans for an emergency dredging and beachfill 
project by the State of New Jersey were finally completed in 
1987. 
4.2.3 Townsends Inlet Dredging/Beachfill Project: 
Summer 1987 
In response to the critical erosion which had developed 
on the ocean-facing beaches of Avalon, the State of New 
Jersey initiated an emergency dredging/beachfill project in 
the summer of 1987. The primary purposes of this dredging 
project were to obtain sand to nourish the beaches of Avalon 
between 8th Street south to 31st Street, and to improve the 
overall navigability of the inlet. 
Recommendations for the·size and location of the 
dredging operation were made to the State of New Jersey's 
Bureau of Coastal Engineering by a group of coastal 
geologists and engineers from various universities. Their 
suggestions were based on the analysis of historical 
L, 
information of the inlet's natural morphodynamics and 
bypassing system and its response to past dredgings. The 
' ' 
recommended cha.nnel (Figures 15 and 16) was oriented similar 
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to the inlet's hjatorical equilibrium position of NW-SE 
along the south inlet shoreline and was designed to promote 
the operation of the inlet's natural bypassing system. A 
portion of the recommended borrow area overlapped with the 
eastward directed channel (Figure 17). 
The dredging operation removed 1.35 million cu yd. 
(1.11 million cu. m) of material from the inlet and used it 
as beachfill for Avalon (994,000 cum) and Sea Isle City 
(115,000 cu. m). The exact borrow area used to nourish Sea 
Isle City has not been determined; however, it may have been 
in the vicinity of location A (Figure 16). The channel cut 
used to nourish Avalon was approximately 700 feet wide, 
4,500 feet long and 18-20 feet deep. The channel was 
dredged almost parallel to the south inlet shoreline, 
similar to its preferred historical orientation; however, a 
buffer zone of approximately 1,000 feet separated the 
channel from the shoreline. This buffer zone was allowed in 
order to aid in the protection of the inlet facing beaches 
from wave attack. 
A comparison of the historical equilibrium channel 
positions and the most recent dredged channel (over one year 
after project completion) is shown in Figure 18. Since the 
/ 
natural channel tends to migrate south towards the Avalon 
inlet shoreline as shown, it was initially expected that 
maintenance dredging would be required to keep the channel 
in the recommended posi t·{o.rr. Future maintenance dredgings 
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would also provide a supply ot material for periodic 
beachfilla. The effects of this dredging project and 
subsequent channel infilling and migration patterns are the 
focus of this investigation . 
.. 
/ 
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5.0 PREVIOUS AND CONCURRENT STUDIES 
Townsends Inlet and its adjacent shorelines have been 
the focus of a number of recent investigations. These 
combined studies provide a broad and diverse data base for 
the study area. 
Two of these studies of Townsends Inlet and the Avalon 
shoreline were conducted concurrent to the one presented in 
this report. The first was a monitoring of the beach 
nourishment performance (1987 fill) conducted by Dr. Stewart 
Farrell and his staff under a contract from the State of New 
Jersey (Farrell, et al. 1988). The beachfill monitoring 
program included monthly profiling of eight Avalon street-
end survey lines to determine the changes in the beachfill 
and evaluate its performance. In addition, two inlet 
shoreline profile lines were monitored to examine changes on 
the inlet-facing beaches of Avalon. The monitoring program, 
which also included LEO data collection and aerial 
photography, began prior to the beachfill to determine 
pre-project conditions and continued until September 1988. 
Profiling data for the State of New Jersey project 
terminated in June 1988; however, current quarterly 
profiling of the survey lines resumed in October 1988 
through funding by the Borough of Avalon. 
A benefits re-evaluation study of the authorized beach 
erosion control and navigation project for Townsends Inlet 
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and Seven Mile Beach is also currently being performed by 
the u. s. Army Corps of Engineers, Philadelphia District for 
the State of New Jersey. Work completed for this project 
includes a fall 1988 survey of previously established Corps 
onshore/offshore beach profile lines in Avalon; a November, 
1988 hydrographic survey of channel depths in Townsends 
Inlet; a detailed inventory of nearshore structures and 
development in the vicinity of the inlet; local interviews 
of users of Townsends Inlet; and four flights of aerial 
photography during the Summer of 1988 used primarily for 
beach population counts. A project report to the state of 
New Jersey is expected to be completed by the fall of 1989. 
Vassallo (1988) recently completed a comprehensive 
study of the geomorphic history and sediment dynamics of 
Townsends Inlet. Presented in this report is a detailed 
history of bathymetric and adjacent shoreline changes and 
positions of the inlet from 1842 to 1987; and also a history 
of natural and man-made impacts such as storms, dredging and 
construction of coastal structures in the vicinity of 
Townsends Inlet. Inlet processes were also examined, prior 
to the 1987 dredging project, through field measurements of 
tidal current velocities, depth soundings in toe inlet 
throat. (for subsequent tidal prism calculations), and the 
sampling and analysis of inlet sediments. A model of 
process-response mechanisms was.then created for Townsends 
Inlet. 
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A final report by Ashley (1987) presented to the State 
of New Jersey also provides a historical summary of 
Townsends Inlet, and recommends a size and orientation of a 
dredge channel for Townsends Inlet based on the analysis of 
these historical changes. The historical and field data 
presented in this report is the same as that presented in 
Vassallo (1988). 
Farrell and Sinton (1983) completed a report which 
examined certain historical changes to Avalon's shoreline 
and analyzed ebb tidal shoal and channel information for 
Townsends Inlet. This study presented data collected in a 
year-long monitoring program which included profile lines of 
I 
Avalon's beaches and LEO data. From this information, storm 
hazard planning options were developed and suggested to 
local, county and state governments. 
A number of other studies in the vicinity of Townsends 
Inlet including Nordstrom (1987, 1988) have been completed 
and are referenced and described in Vassallo (1988). 
J 
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6.0 FIELD METHODS FOR INLET MONITORING PROGRAM 
6.1 Hydrographic Surveys 
Hydrographic surveys of Townsends Inlet were conducted 
on four dates over the twenty month post-dredging monitoring 
period: October 17, 1987; April 1, 1988; October 1, 1988; 
and April 9, 1989. A fifth survey was conducted on August 
15, 1988 to examine gross changes in the inlet inbetween the 
scheduled, more compre~ensive surveys. 
The hydrographic surveys consisted of seven cross-
sectional lines as shown in Figure 18. With the aid of 
State of New Jersey benchmarks, land survey reference points 
were established for each of the lines and were used in the 
subsequent surveys over the monitoring period. 
The vessel used to conduct the surveys was the Lehigh 
University Stone Harbor Marine Laboratory's 25-foot long 
Privateer Renegade. The vessel was equipped with a Ray-
Jefferson Model 960 depth sounder and chart recorder. 
Hydrographic surveys of the seven inlet cross-sections 
were conducted by sailing in a straight path along each of 
the lines. A pair of large brightly colored targets were 
~ positioned on Avalon's shore to insure that the vessel was 
"' able to stay on its designated path along the survey line. 
Distances to the vessel as it sailed along the cross-
sectional lines were obtained by measuring horizontal angles 
with a transit set on known survey points on Avalon's shore . 
.. 
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The angles were turned focussing on the same point on the 
boat each time as accurately as possible. At the instant 
that the vessel crossed the transit hairline, a signal was 
radioed to the vessel where a mark was made on the 
fathometer chart recorder. These angles were later reduced 
using the established survey data to provide the distances 
along the cross-sectional line for each recorded depth. The 
procedure of turning angles and marking depths continued 
along each line until the depths became too shallow or 
leveled off. The line was then repeated to insure accuracy 
and to provide a greater density of data points. Subsequent 
lines were completed in the same manner. 
Frequent checks of tidal fluctuations in the inlet were 
made using a tidal stage staff installed by the State of New 
Jersey on the middle piers of the Townsends Inlet Bridge. 
The gage's relationship to the Mean Low Water datum was 
es-tablished just prior to the October 1987 survey and was 
checked in subsequent surveys. A plot was later made of the· 
tidal fluctuations in the inlet over time and the depths 
taken with the chart recorder were corrected for the tide 
accordingly. 
6.2 Littoral Environmental Observations (LEO) Program 
The LEO,program was established by tl)e Corps of 
Engineer's Coastal Engineering Research Center to provide a 
means for daily monitoring of wave climate in a particular 
63 
area (Schneider, 1981). Visual observations are made and 
recorded for parameters such as breaking wave height, angle 
of wave approach, current direction and speed, wave period 
and wind information. 
The LEO program for this project was started in August 
1987 and continued until April 1989. Measurements were 
taken at 96th Street in Stone Harbor (approximately 4.5 
miles south of Townsends Inlet) on almost a daily basis by 
the technical staff from Lehigh's Stone Harbor Marine 
Laboratory. This location was chosen at a far enough 
distance away from Townsends Inlet to avoid the effects of 
the inlet, thus providing a general idea of the wave climate 
and sediment transport trends for Avalon. 
Three more LEO locations were added to the program in 
August 1988 and were monitored twice a week until April 
1989. These new stations; 12th Street, 23rd Street and 28th 
Street, were chosen to look at a few localized wave climates 
and sediment transport trends in the vicinity of Townsends 
Inlet. These locations also coincide with three of the 
beach profile lines which were part of the Avalon beachfill 
monitoring program under the direction of Dr. Stewart 
Farrell at Stockton State College. 
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7.0 RESULTS AND DISCUSSION 
7.1 Hydrographic Survey Cross-Sections 
Bottom profiles along the seven cross-sectional lines 
were obtained using the field data collected in each of the 
four hydrographic surveys. During the surveys, each 
cross-sectional line was traced at least two times to 
improve accuracy. For the most part, the data obtained in 
the corresponding traces showed good agreement and could be 
• 
combined to provide a greater density of data points for 
each line. In a few cases, however, data points were 
averaged and/or removed if they were considered to be in 
error, and a ''best-fit'' cross-sectional line was 
subsequently developed. All of the field data collected in 
the surveys and the best-fit lines obtained are presented in 
Appendix A. The base (zero) points for each cross-sectional 
line are shown in Figure 20. 
Sources of error are inherent in this field method 
(such as keeping the vessel on line; wave action interfering 
with the trace on the chart recorder; and the tidal 
correction factor used). However, the data was collected 
and reduced by the same crew in a careful, consistent manner 
for each of the four hydrographic surveys. Relative 
comparison between surveys using this technique is 
acceptable to examine changes in the inlet; however, 
quantifying infilling or shoaling rates is not recommended 
65 
, 
•• 
,,. , .,., 
•• 
,, . ., ",, . , 
,,, ,,. 
... ,., •• •• •• •• ••• 
.. . ., 
-· 
•• •• •• •• •• 
., 
_,. 
... •• 
,.... 
... .... . , •• . ' 
,.. .. ... 
. 
•• ~ •• 
.-4) 
•• •• a I 
..... .. • •• 
••• •• 
,,. ,,.. .. •• ,. . 
-· 
,. . •• •• 
-· 
., ,, •• • •• 
., _. 
"' 
... . ,
--· 
••• ~ . ,, •• 
' 
.. , 
•• •& if I •• ... •• 
. , . , • • ,. . , • I •• •• 
I 1 •• ' . • •• . 
• • 
, 0 
°' 
°' l=•t. 
Duke 
--
Figure 20. 
••• .. •• 
.. , .. •• .. ... 
.,. .... • •• ,., ... •• .. •• 
., . 
•• 
,, . .. . 
". 
H .... •• 
•• .. •• •• 
... .. . , •• •• 
... .. 
-
,.., 
• • • • •• •• • I 
•• •• H 
.. • • ... 
... •• •• ... "' •• 
.. .. • • ., . .. • • •~ " . 
.. ... .. .. •• . .. •• •• • • •• • • •• 
..  .. •• a, I ... •• .. ' ., 
•• .. 
.. , •• ••• .. 
... •• .. ... ... IH •• •• ... • • •• " . •• 
,,. 
... ... ... .. ... .. /H .. . .. 
_., 
• • .. ..  ... 
., 
• • 11 I •• • • 
•• .. •• ... 
.. ... •• 
. , .. ... 
'" 
.. •• ... •• ., •• 
-· 
,, ' 
.... 
,, 
-· 
... ... •• ' ' 
.. ... ... •·• ...
 .. • • •• 
.., • • .. •• . .. ... •• ••• • •• . ' • • 
•• 
.. , • • •• •1 •• •• . ' •• • f • • 
I f •• 
•• ... . .. •• ... 
... .. •• • • •• •• • • • • 
© 
., 
• • 
_., 
'. •• • I •• • • • • 
® •• .. ., ,. ' . • • ® 
Navy 
(Li Y1es E aY-,d 
Base (zero) 
Zero points for the cross-sectional profile 
lines. 
•• • • •• . , 
.. . . ' • •• ,, .
 
•• 
- . . .. ' -
. ·--· . ' " . • • 
,,, . ., 
-· 
., ~, 
.. . 
,. . 
•• 
..., . ' ., ,. . 
•• 
• ·-· f--4.,-
•• 
... 
, 
•• 
'' 
• • 
• • . ' • • 
•• • • •• •• • • 
,, 
• • 
, . ,, 
'. •• •• I I 
, . 
f I . ,
. ' • • I I 
' . 
. , .. , 
. ,
• 
DREDGED 
AREA 
F> 
p,:, 1 Y-l"t S 
(a more comprehensive hydrographic survey would be required 
and was cost-prohibited in this investigation). Also, 
hydrographic data obtained from surveys using a different 
method should not be compared exactly. 
7.1.1 Line A 
• 
The channel cross-section profiles and net changes in 
the channel over the monitoring period for Line A are shown 
in Figures 21 and 22. The 1987 borrow area intersected the 
older, eastward directed main channel as shown in Figures 
16, 17 and 23. After dredging, the channel therefore 
consisted of the borrow cut and a portion of the older 
channel. 
Between the first survey in October 1987 and the second 
survey in April 1988, the southwestern (SW) edge of the 
dredge cut remained relatively stable with a slight decrease 
in depths occurring in this portion of the channel. The 
northeastern (NE) edge of the dredge cut, however, migrated 
to the northeast by approximately 150 to 200 feet, 
maintaining essentially the same slope. 
Significant changes to Line A occurred between the next 
two surveys. During the period from April 1988 to October 
1988, the SW edge of the channel decreased in slope and 
migrated to the northeast (by approximately 800 feet). The 
portion of the profile closest to the Avalon shoreline 
eroded by about 2 feet. The NE edge of the channel remained 
relatively stable, moving slightly to the southwest again. 
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The April 1989 survey showed that the SW channel edge 
basically retained the same slope and location as that 
observed in October 1988; however, it scoured between 1 and 
J feet. The upper portion of the profile (closest to 
Avalon's inlet shoreline) eroded even more and developed a 
relatively large ''scour hole''. This corresponds with the 
inlet shoreline erosion observed in the beach profile 
monitoring program conducted by Farrell et al. (1988). The 
NE edge of the channel decreased in slope sig~ificantly and 
migrated to the northeast again. Overall depths in the 
inlet decreased. 
In summary over the monitoring period, the net changes 
' (Figure 22) appear to be an overall shallowing of the 
channel by approximately 3 feet; a decrease in slope and a 
northeasterly migration~ of both the southwestern and 
northeastern edges of the channel; and erosion of the upper 
portion of the profile closest to and encroaching upon the 
south inlet shoreline. 
7.1.2 Line B 
Figures 24 and 25 show the channel cross-section 
profiles and net changes in the channel over the monitoring 
period for Line B. During the period from October 1987 to 
April 1988, both the SW and NE edges of the channel remained 
relatively stable, with the exception of some infilling of 
the bottom (northeastern portion) of the·cha9nel cut. 
71 
•. .· '\ 
0 
-5 
I 
~ -15 
w 
0 
,. 
-20 
a 
' 
·. \ 
',. I 
·-~ 
r... ..........._ 
\ -. ;..• \ :; .\ "\ 
. . \ 
. 
• 
• 
• 'I / ./' . 
I 
. \ 
. 
' I l, I - • • • I , • , • • •• ' • 
. ..,. 
' : I 
I : 
\ 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I \ I 
I 
I 
I 
;; 
I 
. 
. 
. 
.. ' 
' . 
.. w • ' • , '. 
' . 
I\ ,, 
I 
I 
. , 
- ' I \ 
' - I \ 
r 
. 
. 
. 
' .
• 
. 
• . 
. 
. 
. 
• 
October 1987 
April 1988 
October 1988 
April 1989 
1000 2000 
DISTANCE (feet from base point) 
• 
. 
. 
- -
-----·-
..... -•.• -.,. ---
3000 
Figure 24. Channel cross-section profiles -- Line B . 
l 
l 
. 
72 
.. 
,., 
-0 
-5 
I 
~ -15 
w 
0 
-20 
• . 
. 
. 
.. 
... 
.. 
SW 
Edge 
. 
' 
. 
. . 
,.· 
,· .... 
. . 
. . 
. . 
. . . 
.. 
. 
. 
. . 
. 
• 
. 
. 
, . 
• 
. 
. 
NE 
Edge 
October 1987 
April 1989 
. 
. 
,· 
-25-.t--T--r--r---r----r-T---r-~--y--......--,~---------,---.----------,-,..-------------------~ 0 
Figure 25. 
1000 2000 3000 
DISTANCE (feet from base point) 
Net changes in channel over monitoring period -- Line B. 
73 
' 
Between April 1988 and October 1988, the channel began 
to show changes. The SW edge of the channel migrated 
slightly (approximately 100 feet) to the northeast, 
essentially retaining the same slope. The upper portion of 
the profile closest to the south inlet shoreline showed some 
erosion. The NE edge of the channel showed some scour in 
the upper portion and continued to infill in the bottom 
portion. Overall, the channel bottom appeared to be shoaling 
and narrowing. 
Significant changes occurred between October 1988 and 
April 1989, drastically modifying the profile line. The 
channel appeared to infill, with depths decreasing by an 
average of 5 to 7 feet and even more at the extreme SW edge 
of the channel cut. The upper third of the SW channel edge 
eroded slightly. The NE edge migrated significantly to the 
northeast and decreased in slope. 
In summary, net changes along the cross-section (Figure 
25) show that significant infilling occurred (between 6 and 
10 feet) in the channel. The upper portion of the SW edge 
eroded and migrated closer to the south inlet shoreline by 
-----
approximately 100 feet. The NE edge of the channel migrated 
a considerable distance (approximately 800 feet) to the 
northeast, subsequently widening the shallowed channel. 
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7.1.3 Line C 
Figure 26 and 27 show the channel cross-section _.,.,--~'--
profiles and net changes in the channel for Line c. Over 
the entire monitoring period, the SW edge of the channel 
remained relatively stable, migrating approximately 75 to 
150 feet to the southwest and showing only a small decrease 
in slope. This portion of the channel showed the most 
change between the third and last surveys (a slight decrease 
in depth and slope). The upper portion of the profile 
(closest to the Avalon shoreline) showed an erosional trend 
over the monitoring period. 
Between October 1987 and April 1988, the NE channel 
edge migrated southwestward by approximately 300 feet, 
retaining almost the same slope. By the October 1988 
. 
survey, this channel edge moved slightly back towards the 
northeast. Significant changes occurred over the next 
winter (April 1989 profile), as the channel continued to 
migrate to the southwest, slightly decreased in slope 
especially in the upper portion, and decreased in depth. 
Overall, the NE edge of the channel migrated 300 to 500 feet 
to the southwest, decreased slightly in slope, and decreased 
in depth by approximately 1.5 to 3 feet. 
7.1.4 Line D 
The channel cross-section profiles and net changes in 
the channel over the monitoring period are shown in Figure 
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• 
28. The location of this line was changed from the first 
survey, therefore there is no October 1987 profile for 
comparison. Between the April 1988 and October 1988 
surveys, the channel remained relatively stable, with some 
erosion occurring on the upper portions of both the SW and 
NE edges. 
The SW edge of the channel migrated slightly to the 
southwest and continued to erode (upper portion) between 
October 1988 and April 1989. The NE edge of the channel 
also migrated to the southwest by approximately 150 feet, 
essentially retaining the same slope. 
Overall, the channel decreased in width (50-100 feet in 
the upper portion and 100 to 200 feet in the lower portion), 
mostly due to the southwesterly migration of the NE edge. 
Channel depths remained relatively stable. 
7.1.5 Line E 
Figures 29 and 30 show the channel cross-sectional 
profiles and net changes in the channel for Line E. The 
most significant changes occurred in the channel between the 
third and last surveys. 
Between October 1987 and April 1988, the SW channel 
edge migrated to the southwest by approximately 100 to 150 
feet. The NE edge also migrated in a southwesterly 
direction- by approximately 250 to 350 feet • 
• l 
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By the October 1988 survey, the SW edge migrated back 
towards the northeast and decreased in slope. The NE edge 
remained stable, except for the upper portion which appeared 
to erode significantly. 
Between October 1988 and April 1989, the SW channel 
edge migrated back towards the southwest by approximately 
100 feet. The NE edge decreased slightly in slope and also 
• 
continued to move to the southwest another 150 to 300 feet. 
Overall, depths in the inlet remained stable until the 
April 1989 survey where they decreased by 2 to 3 feet. Over 
the entire monitoring period, the NE edge of the channel 
migrated to the southwest by 450 to 500 feet. The SW edge 
decreased in slope and migrated to the southwest by 150 to 
350 feet. 
7.1.6 Line F 
Due to complications in completing the field surveys, 
only two profiles for Line Fare available for comparison 
(Figure 31). The April 1989 survey was taken using another 
method (Loran C) and could only be used to look at gross 
changes in the channel. 
Between April 1988 and October 1988, the profile shows 
an erosional trend (of as much as 3 feet), although it 
maintained the same basic shape. Loran c readings were·a1so 
taken during the October 1988 survey and were used to look 
at profile changes in the April 1989 survey. This is a much 
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l••• accurate method, but, a definite deepening of the 
profile and formation of a channel was apparent. 
7.1.7 Line G 
Figures 32 and 33 show the channel cross-section 
profiles and net changes for Line G. This line is located 
along 9th Street which is on the northern, ocean shoreline 
of Avalon. The channel has historically been known to bend 
around the northern tip of Avalon, towards this shoreline 
(see Section 4.2.1). 
Over the monitoring period, all of the profiles show 
evidence of offshore bars. The landward portion of the 
profile line consistently deepened and migrated shoreward, 
showing the most significant changes between October 1988 
and April 1989. From this last survey, it appears that the 
channel may be beginning to bend around the northern tip of 
Avalon. 
7.1.8 Overall Trends in the Channel 
Figure 34 shows very approximate channel margins along 
each line for the beginning (October 1987) and final (April 
1989) surveys. 
Almost all of the cross-sectional profiles showed 
evidence of seasonal effects. The most significant changes 
in the channel appeared to occur over the second winter 
period (October 1988 through April 1989). The LEO data 
correlated with these effects, showing th·at the sec.end 
winter was less mild than the first winter (see Section 
. ~ 
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7.3). The dominant northeast waves in the winter are more 
significant in driving sediment (littoral drift and material 
from the ebb tidal delta) into the inlet. During the 
summer, when northeast waves are not as strong, the effects 
of ebb tidal currents scouring the channel become more 
significant. 
Lines c, D, and E show trends which agree with the 
above observations. All three of these lines migrated 
towards the south inlet shoreline, with the northeastern 
edge infilling considerably more than the southwestern edge. 
The profiles remained relatively stable over the summer 
periods; but, experienced significant changes over the two 
winter periods, probably due to the encroachment of the ebb 
tidal delta and the northeast waves driving sediment into 
the inlet. Over the entire monitoring period, the channel 
of Profile Lines c, D, and E narrowed slightly (mostly due 
to infilling on the northeast side), with only a small 
' decrease in depths. 
Lines A and B, which appear to be less wave-dominated 
(aerial photos and visual observations made during 
hydrographic surveys), showed drastically different 
responses than Lines c, D and E. Over the monitoring 
period, the channel profiles on both of these lines 
shallowed and broadened significantly. Both the 
southwestern,and northeastern edges of Line A showed 
considerable migration towards the northeast. The overlap 
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between the borrow area and the older (pra-1987 dredging) 
channel would account for the wider channel to the northeast 
along this line: but, the reason for the continued migration 
of both edges to the northeast is somewhat difficult to 
explain. This response may be related to the dredging that 
was done to nourish the updrift beaches of Sea Isle City 
(after the completion of the Avalon beach nourishment). The 
exact borrow area for the Sea Isle City nourishment has not 
been determined; however, it is believed to be in the 
vicinity of location A (Figure 16). This would provide a 
logical explanation for why the, channel would meander in the 
northeast direction at Profile Lines A and B. The dredged 
area (location A) probably maintained the dominant ebb tidal 
flow, while the portion of the channel in the main 
(recommended) borrow area became less dominant. Since this 
portion of the inlet is not wave-dominated, the tidal flow 
through the inlet would assume the more hydraulically 
efficient route (through location A) and the channel would 
begin to meander in the northeast direction. 
From October 1987 to October 1988, Line B showed the 
same widening trend toward the northeast and a progressive 
infilling and ''pinching off'' of the lower portion of the 
channel. The April 1989 survey showed a drastic infilling 
and shallowing of the channel. profile. This could possibly 
be the effects of flow through the channel at Line A, 
attempting to meander and subsequently broadening the 
89 
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profile at Lina B. Seaward ot these linaa, the ebb tidal 
flow probably would have encountered resistance (from the 
dominant waves and ebb shoal), causing the channel to 
••swing'' back towards the recommended dredging location (see 
Lines C, D and E). 
over the monitoring period, Lines F and G show a 
channel forming on the landward side of the profile lines. 
Historically, wave action and the growth and encroachment of 
the ebb tidal shoal cause the channel to behave in this 
manner, deflecting it to the south and eventually causing it 
to bend around the northern tip of Avalon. However, the 
profiles of Lines F and G do not show the evidence of shoal 
development, and the reason for the apparent formation of a 
channel is difficult to define. This may have simply been a 
. 
more hydraulically efficient route for the tidal flow, which 
subsequently continued to scour out the channel. • 
7.2 Ebb Tidal Delta Development 
Figure 35(a) shows the channel in a position along tne 
south inlet shoreline and the large, defined ebb tidal delta 
which encroached upon the channel and caused it to migrate 
to this position. This photograph is from the early 1970's; 
but, shows the channel and the ebb delta in its historical 
equilibrium position. 
[. 
Figure 35(b) shows the location of the ebb tidal shoal 
in November 1988, approximately 16 months after the 
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a. Early 1970's; channel against south inlet 
shoreline. 
b. November, 1988; 16 months after 
project completion. 
Fig11re 35. Aerial photos of the ebb tidal delta. 
dredging/beachfill project. Comparison with historical 
aerial photos (Figure 12, Figura 35a; Vassallo, 1988) shows 
that the ebb tidal complex still remains relatively 
undeveloped, however it appears to have shown some growth 
since 1987. 
The development of the ebb tidal delta is an important 
factor in promoting the commencement of the inlet's natural 
sediment bypassing system. Continued growth of the shoal 
(towards the configuration found in 35a) will not only aid 
in restoring the natural processes of the inlet, but will 
also provide increased shelter from wave attack for the 
downdrift shorelines. 
7.3 Littoral Environmental Observation (LEO) Data 
. 
The longshore energy flux factors (P18 ) were calculated 
for the daily LEO data collected at 96th Street between 
August 1987 and April 1989, and for the data collected at 
the other three LEO sites (12th, 23rd and 28th Streets) 
between August 1988 and April 1989 (see Appendix B). The 
energy flux factor is proportional to the energy flux (P1 ) 
in the surf zone and can be related to the longshore 
transport rate {Q). However, quantifying values of 
longshore transport rates from the LEO data alone is subject 
to uncertainty; therefore, only values of the energy flux 
factor were examined. The following equation was used to 
\ 
' 
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calculate the flux factor using the LEO data (U. s. 
Department of the Army, 1984): 
where 
Pis= 0.0884 pg 312 H;~ 2 sin 2ab 
p 
g 
Hb 
ab 
-
-
-
-
density of seawater 
gravity constant 
significant wave height (breaking) 
angle between wave crest and shoreline 
Monthly averages of the energy flux factors for the 
96th Street location are presented in Figure 36. Dominant 
values of the average monthly energy flux factors over the 
monitoring period were to the south in the vicinity of 96th 
Street. However, the average flux factors were to the north 
during three periods: March 1988 (due to a storm event 
producing waves from the southeast) ,jJune through August 
1988 (dominant northerly daily conditions over the period), 
and November 1988 (slight average of northerly conditions 
during the month). 
Comparison of the energy flux factors over the two 
winters in the monitoring period shows that the first winter 
(1987) was milder (in terms of weather and storn,s) than the 
second winter (1988). Analysis of the channel cross-section 
profiles shows that significant changes occurred between the 
October 1988 and the April 1989 surveys (over the second 
winter). 
LEO data was collected twice a week at the 12th, 23rd 
and 28th Street locations to observe localized wave climates 
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,,. 
and longshore current trends in the vicinity of Townsends 
Inlet. Energy flux factors for this data·are presented in 
Appendix B. Longshore currents at 12th Street appear to be 
dominant to the north, as compared to the currents at 23rd 
and 28th Streets which tend to be dominant to the south. 
This divergence in current direction is probably due to the 
flood tidal effects of the inlet and could also be evidence 
of the current reversals and subsequent formation of a nodal 
zone downdrift of the inlet (see Figure 3). This is 
consistent with observations by Farrell et al. (1988) who 
determined that the inlet current effects extend south to 
between 17th and 23rd Streets and the regional southerly 
drift again operates south of 28th Street (LEO data 
collected in the referenced study was only collected between 
March and August 1987 and would not include the long-term 
post-dredging effects). 
The longshore currents in the vicinity of the inlet are 
significantly influenced by the inlet's tidal flow and the 
w&ve patterns around the ebb tidal delta. Once away from 
the effects of the inlet, the direction of wave approach is 
the main influence on the direction of longshore currents 
and littoral drift (Figure 37). The groins located in the 
vicinity of 96th Street could also have an effect on the 
longshore current measurements~ The LEO data obtafned in 
this study compliments the observations made in a number·of 
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other studies which collected LEO infotmation in the area 
(Farrell, et al., 1988; Farrell and Sinton, 1983; Ashley, 
Halsey, and Farrell, 1987). 
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8.0 SUMMARY AND CONCLUSIONS 
8.1 Guidelines for Future Dredgings 
This investigation has examined the channel migration 
and inlet processes occurring in t._ownsends Inlet over a 
twenty-month period following the 1987 dredging/beachfill 
project. Based on the results of the inlet monitoring 
program, guidelines have been developed for future dredgings 
of the inlet. The main objectives of these guidelines are 
to optimize the channel conditions for navigation, while 
minimizing the negative effects on the adjacent shorelines. 
All of the cross-sectional profile lines showed 
evidence of migration and infilling over the monitoring 
period. Maintenance dredging will therefore be required to 
keep the channel in the recommended position (Figures 15, 
16, and 19). Maintaining the recommended position will 
continue to enhance the inlet's natural bypassing system, in 
addition to providing a safe navigation channel. Also, even 
though the large spit in the inlet (which developed as a 
result of the 1978 dredging) has eroded, maintaining the 
channel a significant distance from the inlet shoreline will 
continue to provide a buffer zone for the shoreline. 
As evidenced by the LEO data, the first winter of the 
monitoring program was slightly milder with less storms than 
the second winter; however, neither winter was extremely 
severe. Most of the significant changes to the 
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croa•-••ctional profile line• did not occur until the aecond 
winter (April 1989 survey). Based on the patterns and 
amount of infilling and migration observed in the various 
surveys over the monitoring period, maintenance dredging (to 
maintain the recommended channel position) will probably be 
required every 3-4 years. More frequent maintenance 
dredging would possibly be required if more severe winters 
were encountered. The most efficient use of the dredged 
material is to place it on/the downdrift shorelines of 
Avalon (for recommended locations and performance of the 
1987 beachfill, see Farrell, et al., 1988). 
Based on the results of the four hydrographic surveys 
of the monitoring program, the following are recommendations 
for the locations of future dredging (and sources of 
sediment for future beachfills) in Townsends Inlet: 
1. The channel at Profile Lines A and B has 
significantly shallowed, broadened and migrated towards the northeast. This migration and 
meandering of the channel could prove to be hazardous for navigation through the inlet. If these profiles continue to show the same trends, future maintenance dredging spould deepen the southwestern portion of the channel. Dredging in this location will attempt to 
redirect the dominant flow through the 
recommended channel and prevent it from meandering. 
2. No dredging operations should occur outside of the recommended borrow area, whether for beach nourish-ment or navigational purposes. Dredging outside of this borrow area may have been what caused the 
channel to meander at Lines A and B. Ashley (1.987) has also recommended that dredging should be 
restricted to a zone parallel to, but north of, the historical equilibrium channel position. 
• I 
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J. over th• monitoring period, both edges of the 
channel at Lines C, D and Emigrated towards 
the south inlet shoreline, although the north-
eastern edge infilled and migrated considerably 
more than the southwestern edge. In order to 
prevent continued southwesterly migration, 
dredging should be performed along the 
northeastern portion of the channel. Advanced 
maintenance, or overdretlging, of this portion 
of the channel may prevent this migration from 
occuring for and even longer period of time. 
4. A channel appears to be forming on the landward 
sides of Profile Lines F and G, although there 
is no evidence of shoal formation on the seaward 
side of the profiles. Historically, the ebb 
shoal has encroached upon the channel, bending it 
around the tip of Avalon and creating an ineffi-
cient flow route. Development of the shoals may 
cause the channel to deflect in this manner and 
would tend to interfere with navigation through 
the inlet. Dredging operations should remove 
the shoals which form in the outer portion of 
the recommended borrow area, maintaining a 
hydraulically efficient flow route and 
better establishing the main channel • 
. 8.2 Ebb Tidal Shoal Development 
Development of the ebb tidal delta is important to 
reinstate the natural bypassing system of the inlet. As of 
November 1988, the ebb shoal still appears to be relatively 
undeveloped (compared to historical shoal formations). 
Additional monitoring, incluqing aerial photography and more 
extensive (daily) collection of LEO data (in order to locate 
the nodal zone downdrift of the inlet) would be required to 
better determine the ebb tidal delta processes and growth. 
No mining of the ebb shoal (for be~ch nourishment purposes) 
should occur, especially in these early stages of its 
'" 
development. 
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8.3 Concluding Remarks 
Based on the patterns ot channel intilling and 
migration observed in this investigation, continued 
monitoring of the inlet channel is recommended. Annual 
(spring) hydrographic surveys occupying the same survey 
lines and aerial photography would not require significant 
effort and would prove to be useful for the continued 
management of dredging in Townsends Inlet. 
This project is a prime example of how careful planning 
and cooperation by coastal specialists of different 
disciplines can produce an efficient and successful 
management scheme for a tidal inlet and its adjacent 
shorelines. A comprehensive investigation began with the 
study of the historical background of Townsends Inlet and 
its vicinity, the design of a recommended channel by a team 
of coastal geologists and engineers, and finally careful 
monitoring of both the post-dredging response of the inlet 
and the behavior of the beachfill on the adjacent 
shorelines. A unique opportunity presently exists to 
correlate the two post-dredging investigations (inlet 
channel and beachfill), in order to better determine the 
inlet's response to the dredging project and to better 
define the optimum dredge channel. The success of this 
project should be an inspiration for the future research, 
planning and management of dredging guidelines at other 
unstabilized tidal inlets. 
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APPENDIX A 
Hydrographic Survey Data and Profile Lines 
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